Recent observations of the space distribution of quasars indicate a very notable peak in space density at a redshift of 2 to 3.It is pointed out in this article that this may be the result of a phase transition which has a critical temperature of roughly a few meV (in the cosmological units h=c=k=1 ). It is further pointed out that such a phase transition is natural in the context of massive neutrinos. In fact,the neutrino masses required for quasar production and those required to solve the solar neutrino problem by the MSW mechanism are consistent with each other.
It has recently been pointed out by M.Schmidt et al that comoving quasar space densities exhibit a strong peak at redshifts of 2 to 3 1 .In their article they plot quasar space density as a function of redshift (z) and also separately as a function of cosmic time.There is an unmistakable peak in the quasar space density in the region of redshift 2 to 3.The authors further point out that the observed decline in space density for space density for z > 3 is not a result of instrumentational difficulties in detecting distant quasars.On the contrary, the decline in observed quasar density is a real decline in the number density for z > 3 2 .
Thus,Schmidt et al point out that quasar density peaks sharply at an epoch of about 2.3 billion years after the Big Bang.The full width at half maximum of the peak is around 1.4 billion years.Their discussion makes the final point that one needs to understand these time scales in terms of the formation and evolution of quasars.
What I would like to argue here is that such a peaked distribution of objects may result from the formation of topological defects as the universe goes through a phase transition.Such topological defects could form the seeds around which quasars light up.
The central power supply of quasars is believed to be gravitational in origin 6 .It is suggested in this article that this central power supply may be formed as a result of topological defect formation in a phase transition linked with massive neutrinos.Such a phase transition would happen at the right epoch if one believes the neutrino masses implied by the MSW solution to the solar neutrino problem.The production of black holes as a result of cosmological phase transitions has been discussed by various authors 3 ' 4 ' 5 .
be significantly reduced 17 .
Since the collapse of closed domain wall bubbles to form black holes which then act as the central engine of quasars is one of the main themes of this article we now turn to a quick discussion of the distortions of the CMBR this produces. As pointed out by TWW this anisotropy is most significant on ∼ 1 o angular scales. The temperature shift due to a photon traversing a collapsing domain wall bubble is
where h,A,β are dimensionless numerical constants of order unity and σ is the surface tension of the domain wall. The present measurements of the CMBR anisotropy then imply 37 that σ < 0.5MeV 3 . This constraint, though important to keep in mind is not a problem for the viability of the model being presented in this article. We will return to this point after discussing our particle physics model for the LTPT.
Discussions of realistic particle physics models capable of generating LTPT's have been carried out by several authors 19 18 .It has been pointed out that the most natural class of models in which to realise the idea of LTPT's are models of neutrino masses with Pseudo Nambu Goldstone Bosons (PNGB's).The reason for this is that the mass scales associated with such models can be related to the neutrino masses,while any tuning that needs to be done is protected from radiative corrections by the symmetry that gave rise to the Nambu-Goldstone modes 20 .
Holman and Singh 22 studied the finite temperature behaviour of the see-saw model of neutrino masses and found phase transitions in this model which result in the formation of topological defects. In fact,the critical temperature in this model is naturally linked to the neutrino masses.
The motivation for studying the finite temperature behaviour of the see-saw model of neutrino masses came from a desire to find realistic particle physics models for Late Time Phase Transitions.
In particle physics one of the standard ways of generating neutrino masses has been the see-saw mechanism 21 .These models involve leptons and Higgs fields interacting by a Yukawa type interaction.We computed the finite temperature effective potential of the Higgs fields in this model.An examination of the manifold of degenerate vacua at different temperatures allowed us to describe the phase transition and the nature of the topological defects formed.
To investigate in detail the finite temperature behaviour of the see-saw model we selected a very specific and extremely simplified version of the general see-saw model.However, we expect some of the qualitative features displayed by our specific simplified model to be at least as rich as those present in more complicated models.
We chose to study the 2-family neutrino model.Because of the mass hierarchy and small neutrino mixings 25 we hope to capture some of the essential physics of the ν e - handed Majorana masses required for the see-saw mechanism to work.Also,the spontaneous breaking of SU R (2) to U(1) gives rise to 2 Nambu Goldstone Bosons. The SU R (2) symmetry is explicitly broken in the Dirac sector of the neutrino mass matrix,since the standard lepton doublets l L and the Higgs doublet Φ are singlets under SU R (2).It is this explicit breaking that gives rise to the potential for the Nambu Goldstone modes via radiative corrections due to fermion loops.Thus,these modes become Pseudo Nambu
Goldstone Bosons (PNGB's).
The relevant Yukawa couplings in the leptonic sector are:
where a, i, j = 1, 2. The SU R (2) symmetry is implemented as follows:
where U i j is an SU R (2) matrix. The first (Dirac) term breaks the symmetry explicitly.
We can choose the VEV of σ to take the form 23 :
spontaneously down to the U(1) generated by τ 2 (where τ i are the Pauli matrices).This symmetry breaking gives rise to the 2 PNGB's,whose finite temperature effective potential is of interest.
After the Higgs doublet acquires its VEV, we have the following mass terms for the neutrino fields:
where ν a L are the standard neutrinos,
We can now diagonalize the neutrino mass matrix in the standard see-saw approximation (|m ai | << M) and perform a chiral rotation to eliminate the γ 5 terms.The computation of the complete finite temperature one-loop effective potential for the PNGB's has been discussed in great detail in an earlier paper 22 .Here we shall only present the results of that analysis.We will first discuss the simple case where the Dirac mass matrix m ai is proportional to the identity: m ai = m δ ai . Later we will discuss some trivial modifications to incorporate the MSW effect into the model.
We parametrized the PNGB's as ξ 1 and ξ 3 and defined the quantity M to be:
. Performing the high temperature expansion of the complete potential and discarding terms of order (M 2 ) 3 /T 2 or higher we get,
where n = 2γ − 1 − 2 log π ∼ −2.1303,m r is a parameter in the model and µ is the renormalisation scale.M is naturally of the neutrino mass scale in this model.
A study of the manifold of degenerate vacua of the effective potential at different temperatures revealed phase transitions in this model accompanied by the formation of topological defects at a temperature of a few times the relevant neutrino mass .Typically at higher temperatures the manifold of degenerate vacua consisted of a set of disconnected points whereas at lower temperatures the manifold was a set of connected circles.Thus,domain walls would form at higher temperatures which would evolve into cosmic strings at lower temperatures.
In the Standard Cosmology the redshift range of 2 to 3 corresponds to a few meV in mass scales 24 .Thus the critical temperature of the phase transition required to produce quasars is fixed at a few meV.
At neutrino detectors around the world, fewer electron neutrinos are received from 
.
2 )/2, which is exactly half the finite temperature effective potential we discussed earlier except the neutrino mass scale is the heavier neutrino mass scale.Hence, the discussion on phase transitions and formation of topological defects we carried out earlier goes through exactly except that the critical temperature is determined by the mass scale of the heavier of the 2 neutrinos.
In the complete picture of neutrino masses 25 ,the neutrinos might have a mass hierarchy analogous to those of other fermions.Further,we expect that the mixing between the first and third generation might be particularly small . In this scheme, it is a good first approximation to consider 2-family mixing.We are here particularly interested in the ν e -ν µ mixing.This is also the mixing to which the solar neutrino experiments are most sensitive.A complete exploration of MSW solutions to the solar neutrino problem has recently been reported by Shi,Schramm and Bahcall 26 . We shall restrict ourselves to the 2-family mixing. The data seems to imply a central value for the mass of the muon neutrino to be a few meV 27 .
At this point, let us re-examine the constraint on the domain wall tension, σ , placed by the measurements of the CMBR on small angular scales. Recall that the constraint is σ < 0. 
, where R is the radius of the closed domain wall and we have taken m(ν µ ) to be 3meV to obtain our estimate.
There are of course two definite uncertainities in getting a number out of the above expression.First,there will obviously be a range of possible sizes of closed domain wall bubbles that will be formed in the transient period of the phase transition.A natural upper limit to the size of the bubble will be the horizon size at the epoch of the phase transitionThus this implies that R < 10 3 Mpc. The horizon size at the onset of the phase transition is smaller. Further, it should be noted that sub-horizon sized bubbles which will be formed in the transient period of the phase transition may also play an important role. Secondly,as already pointed out our model is clearly an effective theory with f being some higher symmetry breaking scale on which it is tough to get an experimental handle.
In fact, values of f used by DKP and MP give BH masses consistent with observation within the uncertainities outlined above.
A more detailed analysis of the masses of BH produced in LTPTs as well as the number densities of these BH will be the subject of a later work.For now, the fact that it is possible to produce BH which may act as the central engine of quasars is pointed out. has given a comprehensive discusssion on the origin of cosmological density fluctuations.
In fact, JSF also conclude their discussion by pointing out that the final power spectrum is most likely due to a combination of primordial and late time effects.
In conclusion,the MSW solution to the solar neutrino problem seems to imply a muon neutrino mass of a few meV.This in turn would lead to a phase transition in the PNGB fields associated with massive neutrinos with a critical temperature of several meV.This phase transition happens at the correct epoch in the evolution of the universe to provide a possible explanation of the peak in quasar space density at redshifts of 2 to 3.This article is clearly only a first step in bringing these ideas together.There are clearly some issues which need to be addressed in greater depth and explored in fuller detail. Thus, a more detailed and accurate analysis of the black hole formation efficiency and the masses and number densities of BH's needs to be carried out.
To obtain more precise estimates of the black hole number densities and masses one needs to make a more detailed analysis of domain formation and growth in FRW cosmologies.Domain formation and growth are among the most important non-equilibrium phenomena associated with phase transitions. The real time formulation of finite-temperature field theory is the most logical and well-suited formalism to study such phenomena.
Boyanovsky, Lee and Singh have studied domain formation and growth and discussed it at length using the real time time formalism 39 .This study was carried out in Minkowski space. We need to extend this work to FRW cosmologies. In fact, non-equilibrium phenomena such as particle creation, entropy growth and dissipation have already been studied for FRW cosmologies by Boyanovsky,de Vega and Holman 40 .We now need to examine domain formation and growth in this formalism.
Work in this direction has already been started. In fact, Holman and Singh are presently investigating the growth and formation of axion domain walls near the QCD phase transition 41 .This work among other things, is setting up the formalism to study domain formation and growth in FRW cosmologies.This formalism will then be used to study domain formation and growth in Late Time Phase Transitions in general. In particular, it will make more precise estimates of the number densities and masses of black holes produced in LTPTs.
This number density and mass distribution of BH's then needs to be compared to the observational data on quasars.Further, a more detailed analysis of the angular dependence of the CMBR anisotropy produced needs to be carried out and compared to observations. I shall be addressing these issues in a later work on the subject. My hope is that this work will stimulate further thoughts about these issues. 
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